Objective: In high-or extreme-risk patients undergoing transcatheter aortic valve replacement, readmissions have not been adequately studied and are the subject of increased scrutiny by healthcare systems. The objectives of this study were to determine the incidence of 30-day and 1-year cardiac and noncardiac readmissions, identify predictors of readmission, and assess the association between readmission and 1-year mortality.
Perspective
In this study, rates of early and late readmission after TAVR in a high-risk cohort of patients were 10.4% at a median of 19 (13-25) days and 18.8% at a median of 129 (55-214) days, respectively. The majority were not related to a CV cause. Moreover, it was found that readmission was associated with double the hazard of death within 1 year.
See Editorial Commentary page 453.
Transcatheter aortic valve replacement (TAVR) is an alternative to conventional open surgical aortic valve replacement (SAVR) in high-risk patients [1] [2] [3] and is the procedure of choice in extreme-risk patients (Video 1). 4, 5 Few reports concerning TAVR and outcomes have evaluated rehospitalization after procedure discharge. 6, 7 From the Divisions of a Cardiothoracic Surgery and b Cardiology, Structural Heart and Valve Center, and At 1 year, Leon and colleagues 4 noted a significant decrease in the rate of hospitalization in inoperable patients with TAVR (22%) compared with medical therapy (44%). When comparing SAVR and TAVR in high-risk patients, Smith and colleagues 2 noted similar rates of rehospitalization at 1 year (TAVR 18.2%, SAVR 15.5%). Although these reports note the overall rates of rehospitalization, studies evaluating the predictors for rehospitalization are uncommon. Readmission is an important health concern, and the rationale for investigation for these predictors remains essential in that they may improve patient outcomes, reduce resource use, and lessen the economic burdens related to TAVR.
The primary objective of this study was to estimate the early (30-day) and late (between 1 month and 1 year) all-cause and cardiovascular (CV)-related readmission rates in high-and extreme-risk patients in a single, high-volume US center. Furthermore, we identified the predictors of all-cause and CV-related readmissions in this cohort of patients. Last, we assessed the association between readmission and 1-year mortality.
MATERIALS AND METHODS
We retrospectively analyzed 758 patients who underwent TAVR from 2007 to 2015 and are listed in the prospectively entered Emory Society of Thoracic Surgeons (STS) Database. We excluded patients who had died before discharge (28 [3.7%] ) and patients who had incomplete follow-up data at 1 year (16 [2.0%]), leaving 714 patients for our analysis ( Figure 1 ). Extracted records from the database included basic demographic information, preexisting comorbidities and other risk factors, and periprocedure and postprocedure clinical outcomes. The study was approved by the Emory University Institutional Review Board in compliance with Health Insurance Portability and Accountability Act regulations and the Declaration of Helsinki. The Institutional Review Board waived individual patient consent because of the retrospective nature of the study.
Patients included in this study were classified as high and extreme risk. High-risk patients were defined as patients with an STS score of more than 8% with no other comorbidities or anatomic factors that made them inoperable. For extreme-risk patients, we adopted the definition used in the Placement of Aortic Transcatheter Valve (PARTNER) B trial for ''inoperable'' patients. It includes patients with an STS risk score of 10% or greater, patients who had coexisting conditions that would be associated with a predicted risk of death of 15% or greater by 30 days after surgery, or patients who were not considered to be suitable candidates for surgery because they had coexisting conditions that would be associated with a predicted probability of 50% or more of death by 30 days after surgery or a serious irreversible condition. 4 Before analysis, preoperative risk factors were identified and extracted from the Emory STS database (which includes 30-day outcome data). Standard STS definitions for risk factors and outcomes were used. Race was dichotomized as Caucasian or non-Caucasian. New York Heart Association heart failure class was dichotomized as class III/IV or I/II. STS discharge location was used to determine where the patients were discharged after their procedure. Valve Academic Research Consortium-2 criteria were used to define major and minor stroke. 8 Renal failure was defined, according to STS criteria, as an increase in serum creatinine level more than 4.0 mg/dL or 3 times greater than the baseline creatinine; acute increase must be at least 0.5 md/dL or a new requirement for dialysis postoperatively. Other clinical outcomes used were defined according to STS criteria. 2 The access sites for the procedure were transfemoral, transapical, direct transaortic, and other (including transcaval or transcarotid). Patients' charts were reviewed for the subsequent rehospitalizations in any Emory University Hospital. The date, causes of readmission, and discharge location after the hospitalization for readmission were recorded in our database. Follow-up visit or emergency visit notes during the 1-year period after their procedure were reviewed. We also reviewed the notes from our valve nurse navigator or valve coordinator who received phone calls from all patients or family when patients were readmitted to any hospitals. Patients were instructed after their index procedure to call them if they experienced any rehospitalizations. The coordinator recorded the readmission status and causes of readmission.
The primary diagnosis on the discharge report of the readmission was used to determine the main cause of readmission after the patient's initial procedure. All-cause readmission included CV readmissions (congestive heart failure, acute coronary syndrome, valve dysfunction, paravalvular leak, aortic stenosis, aortic insufficiency, endocarditis, and thrombus), arrhythmia/heart block, stroke, and vascular complications. Non-CV causes were divided into infection (genitourinary, gastrointestinal, and bacteremia without endocarditis), respiratory (pneumonia, bronchitis, pleural effusions, chronic obstructive pulmonary disease), gastrointestinal bleeding and bleeding related to anticoagulation regimen, trauma (falls, fractures), renal failure, and other (other noncardiac surgeries or endocrine, debilitation, and psychiatric). Time to readmission was calculated as the time between the date of hospital discharge after the index TAVR procedure and the first hospital readmission day. The discharge location from the index operation was collected using our Emory STS database and confirmed with the chart's review.
Statistical Analysis
Preoperative, operative, and postoperative characteristics are summarized as counts (proportions) or mean (standard deviation); skewed continuous data are summarized as median (interquartile range, Q1-Q3). Only first readmission cases were considered in the analysis. Patients who died during the operation and without 1-year follow-up were excluded from the analysis. There were 3 primary questions: (1) What was the all-cause and CV-related readmission rate? (2) How is each preoperative, operative, and postoperative variable related to readmission (both all-cause and CV-related)? (3) What is the association between readmission and death? In question 2, death is a competing risk, because death precludes readmission. Because the Kaplan-Meier method is inappropriate, we resorted to applying Fine and Gray's 9 extension of Cox regression that models the hazards of the cumulative incidence function. To estimate the hazard ratio (HR) for early and late readmission, we introduced a heaviside function to divide follow-up time into less than 1 month and between 1 month and 1 year. We then estimated separate HRs for each time interval. In the multivariable analysis, age, sex, race, left ventricular ejection fraction, body mass index, moderate or severe chronic obstructive pulmonary disease, coronary artery disease, previous cardiac surgery, previous percutaneous intervention, previous CV disease, dialysis, liver disease, preoperative hemoglobin, valve size, and length of stay were incorporated in the model for all-cause readmission; preoperative hemoglobin, length of stay, procedure time, and postoperative stroke were included in the model for CV-related readmission. In question 3, we treated readmission as a time-varying variable in the Cox regression model, with death as the event of interest. 9 All tests of hypotheses were 2 sided and performed at the .05 level of significance. SAS 9.4 (SAS Institute Inc, Cary, NC) was used for all the data analyses. Figure 2 illustrates the trends over the year for readmission. Except for the first year when 4 procedures were effectuated, the rate of readmission remains fairly constant between 6% and 12% ( Figure 2 ).
RESULTS

Predictors for Readmission
Preoperative characteristics. Table 1 lists the preoperative characteristics and shows the unadjusted HRs for all-cause and CV-related early (30-day) and late (from 1 month to 1 year) readmission. The median age was 83 years (interquartile range, 77-87), and 333 patients (46.6%) were female. Most patients were high risk with a median STS Predicted Risk of Mortality (PROM) score of 10.0% (interquartile range, 7.2-13.9). Preoperative hemoglobin was a preoperative characteristic associated with early all-cause and CV-related readmission (HR, 0.74; 95% confidence Multivariable analysis showed that anemia (adjusted HR, 0.78; 95% CI, 0.62-0.99) was significantly associated with early all-cause readmission. Anemia (adjusted HR, 0.61; 95% CI, 0.44-0.84) and postoperative stroke (adjusted HR, 5.98; 95% CI, 1.25-28.54) were both significantly associated with early CV-related readmission (Table 4) .
Reasons for Readmission
The reasons for early and late all-cause readmission are shown in Table 4 . At 30 days, 74 patients (10.4%) had all-cause readmission to a hospital at a median of 19 (13-25) days, in whom the majority (41 patients, 56.8%) did not have a CV cause. Of those 33 patients (44.6%) who were admitted related to CV disease, the most common was congestive heart failure (57.6%) at a median time of 20 (11-25) days. Between the 30-day and 1-year period, 134 patients (18.8%) were readmitted to a hospital at a median of 129 (55-214) days; this was not related to a CV cause in the majority (62 patients, 46.3%). Of those 72 (53.7%) who were admitted for CV disease, the most common cause was congestive heart failure (48.6%) and the median time was 64 days (35-161).
Effect of Readmission on Survival
A total of 439 patients (61.5%) did not have any readmission after TAVR, whereas 142 patients (19.9%) had 1 readmission and 66 patients (9.2%) had 2 or more readmissions. Of those who were readmitted, 36 (17%) died during readmission. The mortality comparison between readmission and no readmission is complicated by the fact that there were 67 patients who died without being readmitted. By treating readmission appropriately as time-dependent, we found that being readmitted doubles the (unadjusted) hazard of death at 1 year (HR, 2.04; 95% CI, 1.33-3.12).
DISCUSSION
The majority of studies evaluating TAVR have concentrated on outcomes associated with the morbidity and mortality of this transformative procedure and less on the rates and causes of readmissions. In the current study, we have expanded on the impact of readmissions after TAVR for severe aortic stenosis in high-and extreme-risk patients. The early all-cause readmission is 10.4%, and late readmission is 18.8%. The rate of early CV readmission was 4.6% and 10.1% between 30 days and 1 year, most likely occurring from congestive heart failure.
Previous studies have shown that advanced age, male sex, end-stage renal disease, severe chronic obstructive pulmonary disease, nontransfemoral access, and preoperative atrial fibrillation can predict 1-year mortality in patients undergoing TAVR. 10 In this study, anemia, hospital length of stay, and postoperative stroke were predictors of readmission, and readmission was a predictor of 1-year mortality. It is possible that a constellation of risk factors not included in the STS score are predictive of more readmissions. In this IQR, Interquartile range; CV, cardiovascular; HR, hazard ratio; CI, confidence interval; ICU, intensive care unit; EF, ejection fraction; SD, standard deviation; PVL, paravalvular leak. *For continuous variables, HR compares the hazard between 2 groups that differ by the increment specified. However, we did not find that a higher STS PROM score was predictive of higher 1-year all-cause and CV readmissions. Our data are supported by a report from Rodes-Cabau and colleagues, 12 who also showed an association between readmissions and life-threatening bleeding and lower hemoglobin. Transfemoral versus alternative access approaches and the degree of postoperative paravalvular leaks were not associated with an increased 30-day or 1-year readmission rate. We included those parameters because they have been associated in previous studies with increased mortality, 1,2 but in fact they had no impact on readmissions. Also in our study, we found that the 23-mm valve size was associated with a greater number of early readmissions than the 26-and 29-mm valve sizes. We can speculate, but we do not know for sure, that the 23-mm valve was associated with more readmissions because of its smaller effective orifice area that may lead to prosthesis-patient mismatch, which results in more early and late clinical events due to decrease left ventricular mass regression and decreased improvement of clinical symptoms. A smaller prosthesis sometimes needs to be implanted because of anatomic concerns, such as important calcifications of the sinotubular junction or the annulus, reflecting sicker patients who could be readmitted more and resulting in imperfect results causing perivalvular or central leaks that could lead to an increase in mortality. 13 One of the advantages of TAVR has been the limited invasiveness to the patient compared with surgical valve replacement. Awad and colleagues 14 showed that although patients undergoing TAVR were older and sicker, there were no CV-related readmissions within 30 days for TAVR, and the time to first readmission was significantly longer than for patients undergoing SAVR. 14 The rate of CV readmission for the patients undergoing SAVR aged more than 80 years was 13% with a mean time for first readmission at 9.7 days. The PARTNER 1A trial, one of the largest studies that compared TAVR with SAVR in a highrisk cohort of patients, showed that the rate of 30-day repeat hospitalization for cardiac reasons was 4.4% in the TAVR group versus 3.7% in the surgical replacement group (P ¼ not significant).
2 At 1 year, this difference was similar with a CV readmission rate of 18.2% in the TAVR group and 15.5% in SAVR. The rate of CV readmission in the current study was closely similar to the PARTNER study at 30 days and 1 year at 4.6% and 11.1%, respectively. A recent propensity-matched study comparing readmission rates in 389 TAVR with 389 SAVR cases by Hannan and colleagues 15 showed that the 30-day all-cause readmission rate was similar between groups at 30 days (TAVR 18.8% vs SAVR 19.3%, P ¼ .86). 15 For patients aged at least 80 years, they showed a 30-day all-cause readmission of 19.9% and 22%, respectively (P ¼ .59). In this analysis, they noticed more all-cause readmissions after SAVR at 4 and 10 days after discharge, whereas more readmissions after TAVR occurred 11 and 20 days after discharge. 15 In the current study, the median time was 19 days for allcause 30-day readmission and 20 days for CV readmission.
The impact on the correlation between readmission rates and the impact on societal resource use remain undefined. The subsequent readmission burden and the cost associated with this should be further evaluated in a cost-benefit analysis study to better understand the impact of this innovative procedure in high-risk patients. It may be reasonable to include not only cardiologists and cardiac surgeons in our heart teams but also other nursing and social services professionals in ascertaining those at high risk for readmission. This is important for the allocation of this innovative procedure and the cost to the society.
At Emory, we have made a paradigm shift in how we perform transfemoral TAVR with the use of the minimalist technique, which is not completely shown in the current study because we started this study in 2007 and started using the minimalist technique in 2012. Minimalist TAVR has been associated with less intensive care unit and hospital stays with almost no need for intubation, all of which have been shown to increase readmission rates. 15 We are also now aggressive in treating and finding the sources of a low preoperative anemia, which may include preprocedural workup by gastroenterology and hematology. We continue to have robust heart team discussions on those patients with a high STS score, with moderate to severe mitral regurgitation, and who need valve-in-valve procedures that may leave the patient with moderate aortic stenosis. We also have implemented a nurse navigator who sees patients during their preadmission visit and follows them closely regarding vital signs, diet, and medications to prevent readmission for congestive heart failure.
Study Limitations
The study is retrospective, which makes it vulnerable to selection bias. Moreover, this study was performed in a single-center, high-volume, and experienced institution, and the results may not be generalized to other institutions. There is also potential recall bias for readmission when the patients were interviewed during their clinic appointments. Also, we did not evaluate readmission as a recurring event. It is likely that the health care burden of readmission in this current study is underestimated. Another limitation is related to the use of cumulative incidence function analysis for competing risks data: Patients who die before the typical follow-up might have less valid readmission data because of the type of follow-up. As such, we may be underestimating readmissions in patients with early 1-year mortality. 
CONCLUSIONS
We show some baseline comorbidities and procedural complications that are directly associated with early and late readmissions, and anemia and postoperative stroke were associated with an increased in mortality. Moreover, we found that readmissions doubled the hazard of death within 1 year. Whether treatment of identified risk factors could decrease readmission rates and mortality warrants further investigation.
Webcast
You can watch a Webcast of this AATS meeting presentation by going to: http://webcast.aats.org/2016/Video/Wednesday/ 05-18-16_Ballroom_I_0918_Forcillo-800.mp4.
